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NOTE
This map is part of a lolio of maps of the Richlield 1° x 2° quadrangle, Utah, prepared
under the Conferminous United States Mineral Assessment Program. B d informa-
tion about this folko is published in U.5. Geological Survey Circular 916 {Steven and Maorris,
1987

DESCRIPTION OF MAFP UNITS

SURFICIAL DEPOSITS

QTa Surficial and basin-fill deposits, undivided (Quaternary and Tertiary)—
A Primarily basin-fill alluvium, as well a3 colluvium, fanglomerate, and ter-
race gravels that range In age from late Miccene io-Holocene, A traver-
tine mound sunmounds thermal springs 20 km southwest of Fillmore. In-
cludes lacustrine marl, sit, sand. and gravel deposited in glacial Lake Bon-
neville. In Basin-Range Province, western part of the quadrangle, de-
formed Miocene and locally lower Pliocene basin-fill sediments are -
chuded in unit QTa, whereas in High Plateaus Subprovince, east of the
western bases of Pahvant Range, Mineral Mountains, and Black Maoun-
tains, equivalent rocks are shown separately as the Sevier River Forma-
ton (unit Ts). Many extensive areas langely covered by thin alluvial deposits
" are shown as bedrock for cartographic purposes

(4] Landslide debris (Quaternary)— Oceurs largely in rugged mountain areas in
- qattatn paet o fhar chsickamale. Bichudas sorie flacial il i icishim Sovies
Plateau and Tushar Mountains. Many extensive areas covered by land-
slide debris are shown as bedrock for cartographic purposes

VOLCARNIC AND ASSOCIATED SEDIMENTARY ROCKS

aTr | Rhyolites in southern Sevier Desert and Mineral Mountains {Plelsiocene
—_— and Pliocene)—Hhyolite volcanic domes, lwva flows, Bow-margin brec-
cia, and local pyroclastic deposits. Phenocrysts (0- 35 percent) of quartz,
sanidine, plagioclase, and biote are sel in glassy 1o microcnystaling
matrices. Glassy rocks are commaonly perlite containing abundant “apache
tears” of unhydrated obsidian. Silicic voleanism in Coyote Hills - Twin Peaks
areas at south end of Sevier Desert took place 2.7- 2.4 Ma (Mehnert and
others, 1978 Crecraft and others, 1981) and in Mineral Mountains ares
0.8-0.5 Ma (Lipman and others, 1978}, Silica contents range from 71
to 77 percent and total alkalies B- 10 percent. The Roosevelt Hot Spring
gecthermal area west of the Mineral Mountains probably is related 1o the
nearby rhyolites (Mehnert and others, 1978, Lipman and others, 1978:
Nietson and others, 1978), and maolen rock may sl exist under parts
of the ares
- Malflc lava flows in the Cove Fort-Sevier Desert area (Pleistocene and
Pliocene) — Basaht and basaltic andesite, which oocurs in widespread lava
flows, shield volcanoes, and cinder cones. Cinders locally oxidized to red
scoria, bul most lava flows consist of black to dark-gray rocks that range
from vesicular to dense and from nearly aphyric to prominently porphyritic,
containing 40-45 percent phenccrysts of lsbradorite, pyroxene, Fe- Tl ox-
ides, and sparse clivine. Matrices glassy to microcrystaline, Some olivine
tholetite is present but much of the rock is olivine-normative basaliic
andesite. Ages range from 2.6 Ma in the Sevier Desert area (Crecralt and
— others, 1981) to about 0.5 Ma west of Cove Font (Best and others, 1980)
amn Lake beds of pre-Bonneville age (Pleistocene and Pliocene)—In Beaver
basin, unit consists of light- to medium-green sifty clay and silt, and gray
to brown sand deposited in a broad lake in center of basin, and laterally
equivalent pledmont sand and gravel deposits and some fanglomerate
near margins of hasin (Machetie and others, 1984), Contains at least fve
volcanic ash beds, including the 2-Ma Huckleberry Ridge ash derived from
Yellowstone Natkonal Park arca (lzett and Wikeox, 1982) . Mammallian
fossils suggest a Blancan 5 age of 2.5-2 .0 Ma (€. A. Repenning, written
commun, 1o G. A. lzett, 1980 for beds underlying Huckleberry Ridge
ash bed
In the Sevier Desert area, in north-central part of quadrangle, the unk
consists largely of clayey marl where deposited in deep parts of an ex-
tensive lake and of soft marl to hard Bmestane where deposited on local
shallow platforms of basakic and rhyolite lava flows (QTb and QT 1) near
margins of lake. In southern Sevier Desert area, the unit interfingers with
lava flows dated between 3 Ma and 2 Ma (Mehnert and others, 1978,
Crecraft and others, 1981) and contains the 2-Ma H Ridge ash
bed In its upper part. Overlain unconformably by a 1.3 to 1.0-Ma basal
flow at Black Rock ralkoad siding

Sevier River Formation and equivalent rocks (Pliocene and Miocene) —
Faoorly to moderately consolidated, gray and salmon-pink fluviatile and
lacustrine conglomerate, sandstone, and siltstone containing local layers
of sirfall i and basaltic lava fows (Tha). Shown cnly in High Plateaus
Subprovince, in eastern part of quadrangle east of western bases of the
Pahvant Range, Mineral Mountains, and Black Mountains. Most Sevier
River Formation and equivalent strata have been deformed by basin-range
bectonlsm, in contrast o nearby undeformed or only slightly defermed
younger alluvial deposits (QTa)

In Clear Creak drainage basin, a iuff layer near bottom of Sevier River
Formation has been dated by fission-track method as about 15 Ma and
anociher near top as about 7 Ma (Steven and others, 1979). In Kingston
Canyon flanking the Esst Fork of the Sevier River east of the hambet of
Kingston, most of unit is older than a 5-Ma rhyolite center at Phonolite
Hill 9 km east of Kingston (Rowley and others, 1981). In Beaver basin
area, unlt includes some Pllocene basin-(ill deposits. Most age-equivalant
basin-fill deposits west of Escalante and Sevier Deseris are included in
wnii QTa

Basalt lava flows (Pliocene and Miocene) —Black fo dark-gray, dense to
wesicular {locally amygdaloidal) lava flows of olivine basalt. Aphyric to
prominently porphyritic, but generally poorly porphyritic, contalning sparse
phenocrysts of calcie plagioclase, pyroxene, okvine, and Fe-Ti oxides.
Matrices are glassy to microcrystalline . Includes some red oxidized scorla
and cinders. Radiometric ages range from about 15 Ma 1o about 4 Ma
(Best and others, 1980}, Many of the lava flows are interlayered with basin.

R fill deposks such as Sevier River Formation
Te Rhyolite lava flows and pyroclastic rocks (late Miocene) — Includes Steam-

— boat Mountain Formation (12,5 Ma) in southwestern pari of quadrangle
{Bast and Davis. 1981; Best and others, 1987), thyclites of Dead Horse
Reservair, Thermo Hot Springs, Blue Ribbon Summit, and Gilles Hill
{12-7 Ma) in central part (Evans and Steven, 1982; Rowley and others,
1978), and rhyolte of Forshea Mountain, rhyodacite of Dry Lake, and
thyclte of Phonolite Hill (8-5 Ma) in southeastern part (Rowley and others,
1981}). Range from nearly aphyric to moderately porphyritic massive to
Row-layered rocks containing phenocrysts of quartz, plagioclase, sanidine,
and biotite. Rhyolite in Steamboat Mountain Formation kocally contalns
prominent crystals of topaz, largely in vesicles and lithophysae

Mount Belknap Volcanics (Miocene)

Fyroclastic rocks— Predominantly slighthy 1o densely welded ash- flow tuff.
Most intracaldera and outflow units were derived from Mount Belknap
caldera source area, including the major outflow Joe Lot Tulf Member,
but also Include Red Hills Tulf Member and lesser units from an eastern
source area of the formation north of Marysvale. Joe Lot Tull Member
and equivalent intracakdera tulf units consist of bght-gray, crystal-poor alkali
thyabte ash-flow wilf contatning 1-2 percent phenocrysts of quartz, sodic
plagloclase, sanidine, and traces of biotite [Budding and others, 1987
Red Hills Tufl Member is compositionally similar to Joe Latt but contains,
7-8 percent phenocrysts of same minerals, and one minor crystal-rich
undt contalns as much as 30 percent of these phenocrysts. Radiometric
oges are 19- 18 Ma (Steven and others, 1979)

Lava flows and associated volcaniclastic rocks— Thick lava flows and
assoclated pyroclasite, mudflow, and alluvial breccia, and minor shallow
intrusive bodies of alkall rhyolite that accumulated at and near local vents
within Mount Belhnap caldera and in an eastern source area north of
Marysvale. Most rocks are crystal-poor lelsites containing sparse
phenocrysts of quartz, sanidine, sodic plagioclase, and biotite in a finely
granular, commonly spherulitic matrix. Contorted flow layers are com-
man. Some alder lava flows and volcanic domes in eastern source area
are mose abundantly porphyritic, containing as much as 20 percent of
same kinds of phenocrysts. Radiometric ages range from 21 to 14 Ma
(Bassett and others, 1963; Steven and others, 1979)

Potassium-rich mafic lava flows, volcaniclastic breccia, and conglomerate
{Miocene)— Dark-gray to black, dense to veskeular (locally amygdaloidal)
basaliic rocks, typically contalning small phenacrysts of aliving, pyrox:
ene, Fa-Ti oxkdes, and plagioclase. Generally contain 3 welght percent
or more K0, The unit in western part of quadrangle was previously
called "mafic flow member of Blawn Formation” (Best and Kelth, 1979),

Radiometric ages range from 25 to 21 Ma (Best and others, 1980)

- Felsic rocks of the Blawn Formation {Mlocene) — Light-varicolored rhyolite

lava flows, ash-flow and air-lall tulfs, and minor sedimentary rocks. Locally

Includes shallow intrusions. Phenocrysts are sparse to moderately abun-

dant {0- 10 parcent] and consist ol quartz, sanidine, plagioclase, and biciite

st in & glassy to mictogranular madrix. Fhow layers are locally prominent,

Tuffs range from rase densely welded, black ash-flow wif virophyre 10

widespraad loosely consolidated, kght-colored ash-Mlow and air-fall tulf,

A basal ash-flow wiff unit is characterized by trace amounts of dark-red

garnet (Reith, 1979; 1980). Rocks range in age from about 23 to 18 Ma

(Best and others, 1987}
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WESTERN FACIES CALC-ALKALINE VOLCANIC AND
ASS0OCIATED SEDIMENTARY ROCKS

IThose units exposed mostly west of 1129957 bongitude]

- Sedimentary units interlayered with volcanic rocks, undivided (Miocene

and Oligocene) — Generally sandy to conglomeratic sedimentany rock unis

interlayerad a1 various stratigraphic positions in the volkeanic succession

in western part of quadrangle. Clasts range from predominantly volcanic

in west-central part of quadrangle 1o predominantly sedimentary in nomth-

western part of quadrangle. Shown only where intravoleanic sedimen
lary units are expoded over significant aneas

Horse Valley Formation {Miocene) — Light-varicolored rhyodacitic and dacinc
lova flows, volcanke mudfiow breccia, plugs. and minor ash -flow wff. Por-
phyritic low rochs contain phenocrysts of plagioclase and subordinate 1o
minor biotite, homblende, pyroxene. and Fe-Ti oxides. Erupted 22-19
Ma {Anderson and Rowley, 1975, Rowley, 197B) from clustered
stratovolcanoes in south-central part of quadrangle. Accumulated in pan
contemporaneously with andesitic rocks of Mownt Dutton Formaton (Td)
and Intertongues marginally with ash-flow tull units of Quichapa Group
{Ta)

Quartz latite of Squaw Peak (Miocene)— Porphyritic quartz latite lava flows
. and underlying heterogeneous pyroclastic rocks and locally interlayered

lava flows. Most lava flows are purplish-brown, medium grained porphyritic
quarts latite containing phenocnysts of sanidine, quanz, plagioclase, horn-
blende, augite, and minor biotite. A nearly aphanitic malic lava Bow [called
basalt of Frisco Summit by Lemmaon and Morris, 1979h) occurs locally
at the base. The pyroclastic rocks range from sofi, bghi-colored, fine-
grained wfl to coarse-graned tull breccla: tongues of wif belanging 1o
Quichapa Group (Tqh locally extend ino these rocks. One of the lava
flows in upper part of unit has been dated as 22.4 Ma [Lemmon and
others. 1973}

Quichapa Group, undivided {Miocene) — Distal tongues of several ash-flow
tuff units in Quichapa Group that wedge out northward into several local
assemblages of volcanic rock along south margin of quadrangle. Some
tongues extend into Shauntie Hills, in central part of quadrangle, but are
too thin to be shown at map scale. Quichapa units intertongue locally
with rocks of units Tbf, Tpm, and Tsp. These tongues have been cor-
related with Harmony Hills Tuff (21 Ma; Armstrong, 19700, Bauers Tuff
Member of Condor Canyon Formation (23 Ma; Armstrong, 1970 Fleck
and others, 1975), and Leach Canyon Formation (25 Ma; Armstrong,
1970; Fleck and others, 1975). Harmony Hills rocks are mostly pink,
moderately welded ash-flow il containing about 45 percent phenocrysts
of plagioclase, biotite, hormblende. and minor pyroxene, quartz, and Fe-
Ti onides. Bauvers rocks are mostly densely welded, brown, lavender, and
gray ash-flow il containing about 15 percent phenocrysts of plagioclase,
saniding, bictite, and Fe-Ti oxides, Leach Canyon rocks form several
cooling units of tan and gray, poorly welded, crystal-poor ash-flow tuff
separated locally by thin sedimentary beds; the tuffs contain 20 percemt
o bess phenocrysts of plagioclase, quartz, sanidine, and minor béotive and
Fe-Ti oxides

Voleanie rocks of Aichison Creek (Miocene and Oligocene)—Light- 1o
madium. gray. strongly fokated lova flows and domes of quartz latite con.
taining 5- 15 percent phenocrysts of plagioclase, biotite, and consplcuous
homblende, Accumulated 10 local thicknesses of as much as 500 m in
southern Needle Range. where unit forms part of Hll in Indlan Peak caldera

Td Mount Dutton Formation (Miocene and Oligocene)— See description under

eastern ackes
lsam Formation {Oligocene)—Numerous cooling units of brown, tan, gray,
and red, densely webded ash-flow tuff that characteristically show evidence
ol secondary flow, such as flow layering. stretched vesicles, and greatly
clongated pumice fragments. Phenocryss range from 5 to 20 percent
of the rock and consist of plagioclase and minor pyroxene and Fe-Ti ax-
ide, Locally contains interlayered lava flows, particularly in southern Wah
Wah Mountains and Needle Range, where interlayered and overlying
andesite lava flows of similar phenocryst content make up a significant
part of the unit. These flows may Indicate proximity 1o source. At places
in Shauntie Hills, the [som is shown by & single line ladder pattern. Age
b about 26 Ma {Fleck and others, 1975)
== Bulllon Canyon Volcanics (Miocene and Oligocene)
- | Three Creeks Tulf Member (Oligocene) —Exposed on eastern flank of Wah

Wah Mountains and in Shauntie Hilk. Mapped with Needles Rangs Group

in Shauntie Hills, See description under eastern facies

- Local mafic lava flows (Oligocene)— Local mafic lava flows of presumed

Oligocene nge are scattered through northwestern part of quadrangle.

Most are oo poorly exposed for thelr stratigraphic positions to be ascer-

tained, but ane flow in southern Confusion Range s interlayered between

Cottonwood Wash Tulf and Wah Wah Springs Formation of Needles

Range Group. Most of these lava flows consist of dense fo vesicular, dark-

gray to reddish-brown, fine-grained rocks comtaining sparse small

phenocrysts of plagioclase, pyroxene, and olivine(?). Only largest areas
of exposure are shown

| Three Creeks Tufl Member of the Bullion Canyon Volcanics and the
Needies Range Group, undivided (Oligocene)— Shown only in Shauntie
Hills

Needles Range Group, undivided (Oligocene) — Moderately welded, crystal-
rich ash-flow il units in the Needles Range Group that were not
mappard separately in places in the central Wah Wah Mountains, Shaun-
tle Hills, Black Mountaing, and southern Mineral Mountains, Rocks be-
lenging to the Wah Wah Springs and Lund Farmations were recognized
in Minersville Canyon 2.5 km east of Minersville, but distribution of these
unlts in adjacent areas is not known

- Lund Formation of the Needles Range Group (Oligocene) — Shahtly 1o dense-

ly welded ash-llow tuff containing 30-50 percent phenocrysts of
plagioclase, quartz, hornblende, blotite, minor Fe-Ti oxides, and trace

amounts of sanidine and pyrowene. Sparse accessory sphene s

characieristic, Quarts makes up a8 much as 15 percant of rock and, In

part, consists of prominent rounded, pasly resorbed crystals. Formation

s widely distributed throughout southern Wah Wah Mountains and

southern Needle Range and s particularly thick (900 m or more] whene

it [dls moat along east and northeast side of the Indian Peak caldera. Had

its source in White Rock caldera. Age of Lund Formation is about 28

Ms (Best and Grant, 1987)

Trr Hyan Spring Formation of the Needles Range Group (Oligocene)— A se-

quence of crystal-poor and locally xenolith-rich rhyalitic 16 quarts Latitic

ash-flow wif units, local pyroxene andesite and rhyolite lava flows, and
minor interloyered volcanic sandstone and debris-flow deposits. Plagioclase
phenocrysts make up 2- 15 percent and biotite 1-2 percent of the tulfs

Exposed only in central part of Needle Range within area of Indian Peak

: caldera

~ Wah Wah Springs Formation and Cottonwood Wash Tuff of the Needles

Range Group. undhvided (Oligocene) — These two lormations of Needles

Hange Group are shown together for canographic convenlence. Wah Wah

Springs Formation consists of outflow member that spread widely over

wesiern Livah and eastern Mevada, and an intracaldera member confined

to cogenetic Indinn Peak caldera (Best and Grant, 19871 Outflow membser
rocks naar source area consist mostly of a muliple ash-flow simple
cooling untt of densely welded tufl. Away from caldera, member changes
to irregularly welded compound cooling unit, and near distal ends Into
separate cooling unbts of pootly welded tuff. The formation is crystal-rich
and contains 40-50 pércent phenooysts, mainky of plagioclase, with kesser
homblende and biotite, minor quartz and Fe-Ti oxides, and a trace of
pyroxene. Homblende 8 more abundant but finer grained than i other
formations of the group. Intracaldera ash-flow tuif is similar to outflow
rocks except tuff containg 2-3 percent quartz and variable amounts of

{oreign lthic fragments. Intracaldera tuffs are complexly mived with breccia

derived from collapse of oversteepened caldera walls during subsidence

and filling. Wah Wah Springs Formation is about 29,5 Ma (Best and Grant,

1987)

Cottonwood Wash Tulf is crystal rich ash-flow tuff that ranges from
slightly 1o densely welded. Phenocrysts constitute 40-50 percent of rock
and consist of plagioclase, biotite, homblende, quartz, minor Fe-Ti ox-
ides, and race of pyroxene. Rock is characterized by scattered large books
of biotite and large quartz grains. Present mainly in central and northern

Needle Range and Wah Wah Mountains near its postulsted source

- Escalante Desert.Formation of the Needles Range Group and Sawtooth

Peak Formation, undivided (Oligocene)—These units make up basal
vidcanic sequence over much of southern Needle Range and Wah Wah
Mountains area. Escalante Desert Formation Is an interlayered sequence
of erytal-poor, xenolith-rich rhyolitic ash-flow tlf, andestiic and rhyolitic
lava flows, and volcanic sandstone. The rhyolite tulf comprises earliess
deposits of two cogenetic compositional cycles of rocks that make up most
of Meedles Range Group in southwestern Utab, The various units in the
Escalante Desert Formation are not coextenstve, and stratigraphic sec-
tion varkes from place to place. A radiometric age from a tuff unit in up-
pet pant of Escalante Desert Formation s about 32 Ma (Best and Grant,
19871

The underlying Sawiooth Peak Formation is gray to greenish-gray,
moderately welded, crystal-rich ash-flow tuff containing consplcuous fot-
tened pumice lapilll. Phenocrysts comprise about hall the rock and con-
sisl of quartz, blotite, plagioclase, and inconspicuous sanidineg and pyrox-
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ene. Formation is local accumulation present largely in pakeovalley cut
in Paleozoic sedimentary rocks in central Needle Range. 1t is shown with
Escalante Desert Formation for cartographic convenience

Ths ] Homsilver Andesite of Stringham (1967) ( Oligocene] — Heterogeneous gray,
red, purphe, and green, medivm-grained pombyritic volcank rocks ranging
in compaosition from andesite 1o quarte latite, Most of formation conststs
of medium- 1o thick-bedded dacitie lava flows, bul discontinuous layers
of voleanie flow brecela, mudflow breccla, and pyroclastic rocks are eam-
man. Porphyritic rocks contain phenocrysts of plagioclase, quartz, hom-
blende, blotite. pyroxene, and magnetite set in microcrystalline 1o glassy
matrices. Hydrothermally altered rocks are locally abundant, Includes lava
flowes previously called “dacite of Shauntie Hills™ and in places basal gravels
called “conglomerate of High Rock Pass area” [Lemmaon and Morris,
1979, 1979%) that elsewhere ane included n unit Teg. In Shauntie Hills,
includes local areas of unll Tes that are oo small to be shown at scale
of map. Radiometric sge of one of the flow units Is about 31 Ma {Lem-
mon and others, 1973)

- Rhyolite of Tunnel Spring Mountains {Oligocene) —Forms kocal intrusive-
extrusive volcanic dome complex in southern Tunnel Spring Mountains,
where It cuts and apparently overlies Paleozoic sedimentary rocks and
Tunnel Spring Tulf (Tth. Consists of reddish gray porphyry containing
conspicuous phenocrysts of plagioclase, quartz, and bictite in an aphanitc
to finely crystalline groundmass, Anderson (1980) reports discordant
radiometric ages of about 34 Ma [K-Ar) and 2B Ma (fission track) for a
sngle sample of this rock . [s believed to have been emplaced sbightly later
but during the same general period of igneous activity as Tunnel Spring
Tuff that it cuts

- Tunnel Spring Tuff (Oligocene) — Light-colored rhyolite ash-flow nuff that filled
lower parts of hilly terrain in norfhwestern part of the quadrangle. Mostly

massive but includes bedded sedimentary tulf, sandstone, and con:
glomerale units that increase In abundance outward from a caldera al
source of pyroclastic rocks just east of Crystal Peak, Contains consphcuous
phenocrysts of doubly terminated quartz crystals, glassy feldspar tablens,
and shiny black blotite flakes set in white ash matrix. Cognate pumice
and lava fragments are common, especially near source. Fragments of
underlying Paleozoic rocks range from 20 percent or more of tulf near
the source to only a few percent in the distal parts of unit. Thicknesses
range from 600 m under Crystal Peak to feather edge against irregular
underlying lopography. Radiometric [K-Ar) ages of tuff range from abouwt
33 Ma (Bushman, 1973) 1o about 35 Ma (H. H. Mehnert, written com-
mun,, 1952]

Dacite of Wah Wah Cove and andesite of Kelleys Place, undivided
(Oligocens) — Intermediate . composition valeanie rocks forming base of
valcanic succession in northern Wah Wah Mountains. Andesite of Kelleys
Place is & medium- 1o coarse-grained, crudely strattfied andesitic volcanic
breccia containing blocks as much as 2 m across and several interlayered
lava flows of dark-brown andesite. These flows and breccias are presumed
extrusive equivalents of nearby diorite Intrusive bodies {unit Ti). One of
lava flows has K-Ar age of about 32 Ma (Lemmon and others, 1973)

Dacite of Wah Wah Cove consists of gray porphyritic dacke 1o rhyodacite
lava fows, commonly underlain by Bght- to medium-gray dacitic 1ulff. Por-
phyritic rocks contain phenocryais of andesine, biotite, and hormblende
in dense, medium: 1o dark-gray matrix. Flow rocks are locally underlain
by as much as 100 m of white 1o gray, massive lapilli 1ufl comtaining
fragmients of porphyritic dacite. One of lava flows has o K-Ar age of 33- 34
Ma (Lemmon and others, 1973

Conglomerate of High Rock Pass and equivalent rocks (Oligocene and
Eocene)—Hetaogemeous conglomerate containing pebbles, cobbles, and
boulders of lmestlone, quartzite, and other sedimentary rocks in sandy
to silty matrix. Represents sodl and rubble zone that irreqularly covered
sedimentary rocks in contral part of quadrangle at time of first velcanic
eruptions. Is shown only where it forms significant areas of outcrop;
elsewhere Is included with overlying volcanic unit (High Rock Pass, not
named on this map, 5 about 13 km south of Lakeview Resenvoir)
Thicknesses range from O to 50 m

EASTERN FACIES CALC-ALKALINE VOLCANIC AND
ASSOCIATED SEDIMENTARY ROCKS

[Those units exposed mostly east of 112°4%" longitude]

Post-caldera volcanic rocks filling Monroe Peak caldera (Miocene)—
Heterogeneous bght- to dark-gray and brawn andesitic 1o rhyodacitie por-
phyritic lava llows. Commanly contain moderately abundan! sanidine
phenocrysis as much as 2 cm across. Other phenocrysts are plagioclase
and minor biotite, pyroxene, Fe-Ti oxides, homblende, and obvine. Locally
vesicular or amygdaloldal, particularly at tops of lava flows. Upper flows
in sequence have K-Ar ages of 22-21 Ma {H. H. Mehnert, written com-
mun., 1980- 1984); western part of caldera fill 5 unconformably overlain
by rhyobite dome of Mount Belknap Volcanics {Tmif) that has been dated
raclometrically as 21 Ma (Steven and athers, 1979)

Td Mount Dutton Formation (Miocene and Oligocene)—Mostly gray to tan
andesite 1o dacitic lava Aows, flow breccis, and volcaniclastic rocks
Phenocrysts in much of the rock are small and sparse, and consist of
various combinations of plagioclase, hornblende, pyroxene, and Fe-Ti
oxides. Matrices are microcrystalline to glassy. Erupted from seattered to
clustered stratovolcanoes in the Black Mountains, southern Tushar
Moumains-northern Markagunt Plateau, and central Sevier Flateau. Mear
sources, lava flows and flow breccla (vent facies) predominate; radially
outward, volcanic mudfiow breccia (alluvial laclest predominates, Alluvial:
facles rocks from the volcanoes marge laterally and form composiie apron
that extends many kilometers to southeast, south, snd southwest. For-
mation intertongues with and wedges out northward against earker, and
in part coeval, volcanoes of Bullion Canyon Voleanics {Th) and volcanic
rocks of Litthe Table and Langdon Mountain (TH) in Tushar Mountalas
and northemn Sevier Plateau. Upper part intertongues with, and & overlain
by, rocks of Horse Valley Formation (Th) erupted from stratovolcanoes
in Black Mountaing, Thickness ranges from 0 1o several kilometers

Ash-flow tulf sheets and other dstinetive rock units from local and dis-
tant sources are interlayered with Mount Dutton Formation, particularly
in areas underlain by volcaniclastic apron. Ash-flow tuff units inchuded
in formation but not shown on map are Kingston Canyon (26 Ma; Flack
and others, 1975) and Antimony Tulf Membars in Sevier Plateau and
tuf of Lion Flat in western Tushar Mountains. Interlayered rocks shown
on map include units of Needles Range Group (Tn and Tnw) near base,
and, at progressively higher levels, lsom Formation [Ti), Buckskin Brec
cla (Thb), Bear Valley Formation (Thv). several units in Quichapa Group
Tq). and Osirks Tull (To). Ages of main body of unit range fram alder
than Wah Wah Springs Formation of Needles Range Group |30-29 Ma;
Fleck and others, 1975} to younger than Osiris Tufl (23 Ma; Fleck and
athers, 1975, Rocks mapped within the {ormation from a local center
on Markagunt Plateau have been dated as 21 Ma ald (Fleck and others,
1975). Overlain by potassium-rich mafic lava flows (Tpm) dated at 22
Ma (Best and others, 1980)

Formation of Lousy Jim of Sigmund (1979} (Miocene) — Light- 1o dark-gray
quartz latite lava flows and flow breccla. Forms thick lava (lows of coarsely
porphyritie reck containing 15- 30 percent phenocrysts of sanidine and
plagioclase, and minos harnblende, pyroxene, Fe-Ti oxides, and biotie
in a glassy to microcrystalline matrix. Contorted flow layering is common.
Radiometric age is about 22 Ma (Fleck and others, 1975}

Osirks Tulf (Miocene)—Consists of widespread outflow facies in the sast-central
and southeastern paris of the quadrangle and adjacent areas to the east,
and an intracaldera facies conlined to the cogenetic Monroe Peak caldera.
Outflow facies is gray to reddish-brown, densely welded ash-Aow wulf that
superiiclally resembles a porphyrilic lava flow. Secondary flow textures
are prominent kocally. Contains about 20 percent phenocrysts of andesine
and subordinate sanidine, and minor biotite, pyroxene, and Fe-Ti ox-
ides. Intracaldera facies is petrographically similar, but s moderately welded
and Is generally purplish gray to pink. Unit includes masses of breccia
derived by collapse of unstable caldera walls during subsidence and
filling. Radiometiic age is about 23 Ma (Fleck and others, 1975

Bear Valley Formation {(Miocene and Oligocene(?])— Largely o banket sand-
dune deposit that accumulated over large area to south and extended
into quadrangle only locally in southern Black Mountains, Contains local
lava flows, velcanic mudfiow breccla, and pyroclastic rocks. Radiometric
ages of about 25- 24 Ma have been obtained on interlayered volcanic rocks
(Fleck and others, 1975)

- Buckskin Breccla (Oligocene) — Mostly soft, light-gray, poorly to micderately

welded ash-flow tuff characterized by bght-gray 1o light-green clasts of por-

phyritic plutonic rock from Spry laccolith (T}, near south baundary of

quadrangle. Unit also occurs as discontinuous lenses in southern Sevier
Plateau; most of these knses are too small to be shown on map
Isom Formation (ODligocene) —See description under western lacies

P
L *+| Volcanic rocks of Langdon Mountain, Willow Spring, Lintle Table, and CHil
e Canyon (Miocene and Oligocene) — Heterogeneous varcolored andestic
and dacitic lava flows, flow breccia, volcanic-mudfiow breccla, and voleanic
sedimentary rocks that formed three coalescing volcanoes in northern
Sevier Plateau south of Monroe Peak caldera and one volcana norh of
caldera too small to show on map (CHf Canyvon, not named on this
map, it 4 -6 km southeast of Annabella). Lava lows predominate 1oward

| Ter

etuptive canters, and volkankclastic deposits toward peripheries. Vokanic
rocks of Littke Table are mostly alder than, but in pant concurrent with,
nearly coeval volcanic rocks of Willow Spring and voleanse rocks of
Langdon Mountain. All three units intertongue Laterally with Mount Dut-
ton Formation in southern Sevier Plateau and thus indicate overlapping
periods of activity ot the several volcanoes that make up southeastern
part of quadrangle. The volcano north of Monroe Peak caldera consists
of volcanic mudflow breccia and sedimentary rocks that underbie unit Ta.
these rocks form such a small accurnulation that for cartographie conven.
wnce they are included with unit Ta on map. All units contaln some com-
bination of phenocrysts of plagioclase, hoenblende, pyroxene, and Fe-Ti
onides, and somae Litthe Table rocks camtaln minor olivine
| Malfic to intermediate-composition volcanic rocks in northeastern part of
quadrangle (Miocene and Oligocene)— Dark-gray and black andesie
and basaltic andesite lava flows, flow breccla, volcanic-mudflow breccia,
and interlayered thin, densely welded ash-flow tuff units, Make up a
volcankc plateau and shield volcano of relatively flat-lying lava flows and
ash-flow tulf sheets: in northern Sevier Plateau the lava flows belong to
valkcanic rocks of Signal Peak. Lava flows are commonly vesicular and
contain sparse to abundant phenocrysts of caleic plagioclase and pyron:
ene, and rare olivine. Ash-flow cooling units canstituting tufl of Albinus
Canyon in Pahvant Range are extremely vesicular and show strong
evidence of secondary flow such as streaked vesicles, flow layers, and
kocal autobreccia; the tuff contains moderately sbundant phenocrysts of
cakic plagioclase and pyroxens (Abinus Canyon. not named on this map,
is 3-5 km west of Elsinore). Intertongues in part with various units of
Bulion Canyon Volcanics, and in the northern Sevier Plateau with
Kingston Canyon Tulf and Antimony Tull Members of Mount Dutton
Formation
Bullion Canyon Volcanics {Miocene and Oligocens)— Mostly porphyritic
- andesite, rhyodacite, and guartz latite lava flows, flow breccis, and
volcanic-mudflow breccla; locally includes ash-flow tulf units. Formed
clustered stratovolcanoes with coalescing volcaniclastic aprons and bocal
volcanic domes and thick lava flows in central and northern Tushar Moun-
tains, southern Pahvant Range, and northemn Sevier Plateau. Abundanthy
porphyritic rocks contain several combinations of phenocrysis of
plagioclase, hornblende, biotite. Fe-Ti oxides, and sporadic sanidine,
Sparsely porphyritic rocks contain mosty plagioclase and pyroxene and
(or} homblende phenocrysts. Includes Delano Peak Tull Member, a dark-
reddish-brown, densely welded ash-flow tuff containing 40-50 percent
phenocrysts of plagioclase, homnblende, biotite, and minor quartz; this
unit was dertved about 23 Ma (Steven, Cunningham, and Anderson,
1984} trom Big John caldera in southern Tushar Mountains. Intertongues
katerally with mafic to intermediate volcanic rocks to north and with Mount
Dutton Formation 1o south. Ages range from older than Wah Wah Springs
Formation of Needles Range Group (29,5 Mal to younger than Delano
Peak Tuff Member of Bullion Canyon Volcanics (23 Ma). Overlain un-
conformably by rocks of Mount Belinap Voleanics
Three Creeks Tulf Member {Oligocene)—Light-gray and tan. densely
welded 1o nonwelded, crystal-rich ash-flow tulf containing about 40- 50
percent phenocrysts of plagioclase, homblende, biotiie, and quartz. and
minor amounts of Fe-Ti oxides. Derived from Three Creeks caldera in
southern Pahvant Range (Steven, 1982). Radiometric age is about 27
Ma [Steven and others, 1979
Wah Wah Springs Formation of the Needles Range Group (Oligocene) —
Mearly all rocks in Needles Range Group east of western base of Tushar
Mountains appear to belong to Wah Wah Springs Formation. See descrip-
ton under western facles

INTRUSIVE ROCKS

| Rhyolite dikes, sheets, and plugs (Miocene) —Range from fine-grained fekstic
rock containing kess than 5 percent phenocrysts of potassium feldspar and
sparse biote to porphyrific rock containing 20 percent or more af small
phenocrysis of feldspar and biotite in finely granular matrix. Found in
Mineral Mountains and adjacent areas; are intrusive equivalents of near-
by lnte Miocens chyolite lava flows and pyroclastic rocks (unit Tr). A lew
microdiorite 1o fine-grained diabase dikes are closely associated in places.
Radiometric ages range between 9 and 12 Ma (Evans and Brosn, 1980

- Major intrusive rocks associated with silicic rocks of the bimodal malic-

silicic volcanic suite (Miocene) — Make up most of composite batholith
in central Mineral Mountains: this is the largest batholith exposed in Utah
Thase rocks consist of coarse- to medium grained, even-grained to pos-
phyritic granite and quarts monzonile containing abundant quartz, as well
as orihoclase, sodic plagioclase, and varlous quantities of biotite. Are
plutonic equivakent of the Mount Belhnap Voleanies in Tushar Mouniains
to eas! (Steven, Rowley, and Cunningham, 19684) . Also mchuded are fine-
to medium-gralned, commaonly porphyritic granitic plutons associated with
Mount Belknap Volcanics in Tushar Mountains and Amelope Range (20
Ma, Steven and others, 19791, as well as 24 - Ma rhyolite intrusive rocks
in southern Wah Wah Mouniains {Abbott and others, 1983

- FPlutons associated with calc-alkaline volcanic rocks (Miocene and

Oligocene) — Heterogeneous, generally intermediate-composttion intrushe
rocks emplaced during calc-alkaline ignecus activity. Most plutons occur
in composite belt that extends easi-northeasterly across quadrangle and
consists of at least two subbehs. Westernmost plutons are in southern Nee-
dle Range, where porphyritic quanz monzonite invaded roots of Indian
Peak caldera late In its cycle of development that was related to eruption
of Wah Wah Springs Formation 29.5 Ma (Fleck and others, 1975; Grant
and Best, 1979. Best and Grant, 1987). These plutons are part of an
assemblage intruded into rocks of broad caldera complex extending several
tens of ldometers west and southwest of Richfield quadrangle (M. G. Besi,
unpub. data]. The remaining calc-alkaline intrusive rocks form & more
nearly east trending subbelt that extends from central Wah Wah Moun-
1ains to east boundary of quadrangle and in which numerous small pletons
are progressively younger eastward, Three small diorite stocks in central
Wah Wah Mountains area are older than Needles Range Group and are
probably intrusive equivalents of andesitic floves (unit Twk) dated as about
32 Ma (Lemmon and others, 1973; Hintze and others, 1981).
Grancdiorite stocks in southem San Francisco Mountains and Beaver Lake
Mountains have been dated as about 28 Ma (Lemmon and others, 1973).
Mumerous small diorite, quarte diorfte, and quartz monzoniie plutons occur
in northern, swestern, and southein Mineral Mouniaing: one of these has
been dated as about 25 Ma (Aleinlholf and others, 1986). Syenite-
monzsonite plutons between Mineral Mountains and Tushar Mountains
and In northwestern part of Tushar Mountaing are betwean 27 and 23
Ma {Steven and Momris, 1983). Quarlz monzonitic plutons in northern
and eastern Tushar Mountains and adjacent Antelope Range are about
23 Ma {Steven and others, 1979}, and quartz monzonite plutans in rools
of Monroe Peak caldera In the northern Sevier Plateau are 22-21 Ma
{Steven, Howley, and Cunningham, 1984}, These varied intrusive bodies
are belleved to be cupolas emplaced above a migrating sone of magma
generation and intrusion. and they probably are underlain by langer bodies
that are aggregated in part into composite batholiths. An exception to
this pattern is Spry Jaccolith near the south end of Circleville Canyon in
southeastern part of quadrangle, well south of exposures of main intrusve
belt, The Spry laccalith has been dated as about 31 Ma (Damon, 1968)

SEDIMENTARY ROCKS

Sedimentary rocks deposited during or alter Sevier Orogeny

~ Dipping Vat Formation of McGookey (1960) (Oligocene) — Heterogeneous
sandstone, shale, marly limestone, bentonite, volcanic-ash beds, ag:
glomerate, and conglomerale limited to southeastern part of Pahvant
Range. Apparently merges with some of pyroclastic deposits of lower part
of Bullion Canyon Voleanics, This unit was included as part of Bald Knoll
Formation by Schneider (1964) but is readily distinguished by the presence
of coarse pyroclastic debris About 70 m thick

- Bald Knoll Formation of Spieker (1949 Oligocene (7) and Eocene)—In

upper and middle parts of formation strata stmilar 10 lower
terspersad with upwardly iIncreasing mumber of beds of Bre-grained stwolite
volconic ash that closely resemble some of the siltstone and sandstone
layers. Lower part consists of white 1o very light gray shale, silistone.
sandstone, and minoe imestone. According to Willls {1 986), biobe om
rhyolditic ash in upper part vielded K-Ar ages of 40.5 = 1.7 Ma, and pumice
near top of formation was dated at 39.6+1.5 and 384 2 1.5 Ma. Foe
matkon is about B5 m thick

part are in-

Tch I Crazy Hollow Formation of Spieker (1949) (Eocene)— Varcokored clastic

rocks consisting of red and orange sandstone, sifistone, and shale, white
sandstone, and salt-and-pepper sandstone underlying Dipping Vat For-
mation in nontheastern part of quadrangle. Mot fossiliferous but sssumed
Irom stratigraphic position to be late Eocene in age. Thickness ranges
from 50 10 120 m

Green River Formation (Eocene) — Chiefly light-bluish-gray, greenish-gray.

and white shale overlain by bulf-colored sandy imestone, sandstone, and
bentonitic wif of unknown origin, Contains Brtke, if any, il shale in this
aren, Crops out only in northeastern pan of quadrangle, where it is ap-
parently transitional upward into Crazy Hollow Formation, Generally con-
sidered to be middle Eocene, but Nelon and others {1980) described
a titanothere skull of latest Eocene from enposures near Spring City, 85
km north-northeast of Richfield. Thickness in Richiield quadmangle is uncer-

R i W
- o
. Y indmill
IJ| s
Y Fillmwas
i 5T

OTs/

Facohe Welle _.f

‘ulF giim

ok’ ._-f‘ﬁ_:"

[
Lo

. MEswrriai
S

- WA | Mk Moing
e e

tain, but in surrounding areas B ranges from a few meters 16 mare than
250 m
Flagstalf Limestone (Paleocenel — Mostly white, tan, gray, or dark-gray, locally
lossiliferous, slightly vuggy limestone with some red to gray shale and
silistone in upper part and some gray shale and limy sikstone near base.
— Full thickness not known but may exceed 575 m
| Claron Formation (Oligocene, Eocene, and Paleocene}—Red and white
- fluvtatile and lacustrine sandstone, limestone, conglomerate, and shale
uncerlying southern part of middle Tertary volcanic field. Expesed in only
a few places in southeastem part of quadrangle, but is widehy distributed
in southwestern Utah, where it may include beds a3 old as Paleocene
or Late Cretaceous
- North Horn Formation (Palescene and Upper Cretaceous) - Mastly bulf
to brown sandstone and sitstone with Interbedded gray and ran shale,
ted and purple sitstone, and gray to red conglomerate. Full thickness
not known bul may exceed 1,000 m
- Price River Formation (Upper Cretaceous) — Massive reddish-gray orogenic
conglomerale and some inlerlayered sandsione and silistone beds
Thickness changes abruptly within short distances and ranges from a few
meters to maore than 800 m in southern Pahvant Range

Sedimentary rocks deposited before Sevier Orogeny

Araplen Formation (Middle Jurassic) — Soft to hard, varicolored but generally
kght-gray sitstone, shale, mudstone, limestone, sandstone, and minar
conglomerate. Evaporite beds abundant in adjacent areas, Found only
in easternmost pan of quadrangle. More than 350 m thick, and base &
nol exposed

- Carmel Formation (Middle Jurassic)—Incomplete section of medium-
bedded, blue-gray. fine-grained Imestone and tan calcareous shale.
Limestone is sparsely fossilferous. Top eroded or concealed: partial sec.
tions probably equivalent to Kolob Limestone Member of Carmel of
S Thompson and Stokes [1970) are about 175 m thick
et Navajo Sandstone (Jurassic and Triassic(?))— Tan, yellowish-gray. ar white,
medium- 1o fine-grained eolian crossbedded sandstone. Locally altered
to hard quansie. Thine southwestuard fram mare than B00 m 10 500 m
Chinle Formation (Upper Triassic)—Consists of part of Pentfied Forest
Member, which is mostly red, marcon, chocolate, bull, and white
mudstone overlying a basal bed of purple, coarse-grained sandstone, and
the basal Shinarump Member, & red to brownish-red, fine- o medium-
grained conglomerate. Top of Petrified Forest Member was eroded prior
to deposition of Navaje Sandstone. In southern Mineral Mountains en
tire Chinle Formation was eroded away before Navajo was deposned
Shinarump Member ranges in thickness from a few meters to more than
130 m and the partial secon of Petrifled Farest Membser from | m o
about 100 m
Wm | Moenkopi Formation (Middle(?) and Lower Triassic) —Mostly dark-red to
chocolate-brown siltstone and shale, two prominent bight-bluish-gray
limestone unis divide formation into live members not shown separately
on present map. Top of formation was removed by erosion prior 1o deposi-
e | tion of Chinle Formation; thickness of remaining section i 300- 700 m
Pkt  Haibab Limestone and Toroweap Formation, undivided (Lower Permian)—
B Kalbab Limestone is dominantly medium -gray, thick-bedded. locally cherty
limestone. Underlying Toroweap Formation s mostly medium-gray
limestona that is interlayered with medium-gray dolomite; f@n, sandy, and
siity imestone; some minot shale; and one or more beds of gypsum that
are typically leached away at surface. Total thickness about 150-250 m
Pa Arcturus Formation (Lower Permian)—Mostly fine-grained, soft, grayish-
i yellow dolomitic sandstone. minor yellowish-gray to white, moderately
thick beds of imestone and dolomite evenly distributed throughout. Top
eroded within Richfield quadrangle, but remaining pan of section i
S00- 1,000 m thick
' Tallsman Quartzite (Lower Permian)—Massive, yelowlish-gray 1o grayish-
brown, crosshedded and cross-laminated quartzitic sandstone. Other
geologists, chiefly Welsh [1973) and Baer and others [1982), prefer des-
ignation of Queantoweap Sandstone for this unit Thickness is 50- 250 m
- Pakoon and Callville Limestones, undivided (Lower Permian and Penn-
sylvanian) — Predominantly blulsh-gray to gray. fine- to medium-gralned,
thin: bedded 10 massive, commonly cherty, moderately lossiliferous
limestone and dolomite. Upper ane-third or so of this unit i commaonly
dolomitic and includes a few sandstone o quartzite beds, it contains lossils
of Pecmdan (Wollcampian) age and is belleved to represent the Pakoon
Limestone of McMalr (1951). Lower two-thirds consists mostly of limestors
and dolomite typical of Callville Limestone, some beds of which have
vielded conodonts of Pannsylvanian age (Wardlaw, 1980). It abo con-
tains moderate amount of inferbedded tan to brown, fine- 1o coarse-grained
quartzite and sandstone, resembling parts of Oquirth Group of generally
equivalent age farther north in Utsh. Total thickness of this map unit in-
creases northeastwand across quadrangle from about 300 m in Wah Wah
Mountains to about 1.500 m in Pahvant Range
Ely Formation (Permian, Pennsylvanian, and Mississippian)—Mostly
medium- to thick-bedded, blulsh- to tannish-gray, cherty, locally oolitic
tossiliferous limestone. Chidly of Pennsylvanian age, but locally includes
some strata of Permian and Mississipplan age. Thickness about 500 m
Formation of Rose Spring Canyon (Mississippian) — Heterogeneous unkt con-
sisting largely of blue-gray to tan, commonly cherty fossilferous limestone
ot dolomite containing many beds of bulf or reddish-tan silistone or fine-
gralned sandstone (Hose Spring Canyon, not named on this map is abaut
30 km south of Lime Paint, in southerm Wah Wah Mountains). Thickness
about 400-600 m
Redwall Limestone (Upper and Lower Mississippian) — Largely dark-gray,
medium -bedded to massive, locally cherty fossiferous limestone containing
Ihfi'w layers of bulf-colored sandstone in upper part. About 400 - 500 m
thick
Chainman Shale (Lipper and Lower Mississipplon] — Very dark gray 1o black,
fissile shale interbedded with platy, bght-olive-gray silttone or fine-grained
sandstone. Medium-dark-gray, fetid limestone beds are locally prominent
in formation. About S00-600 m thick
Joana Limestone (Lower Mississipplan) —Massive, ight-brownish-gray 1o
medium-gray. coarse-grained organic-detrital kmestone. Fossils locally
abundani, Thickness ranges from 50 to 75 m
| Monte Cristo Limestone (Upper and Lower Mississipplan) — Predominantly
madium-bluish-gray, medium- o thick-bedded, medium- to fine-grained
fossikferous limestone or dolomite. Lower one third of unit ks shightly
argillacecus or arenaceous, and upper two-thisds locally contains
. moderately abundant cherl. Thickness ranges from 150 to 300 m
| Pilot Shale (Mississippian and Devonian)—Dark-gray, plary calcareous
sitstone and black cakcareous 1o noncakareous shale; medium-gray, platy
dolomitic sikstone common in lower part. Thickness about 250 m
- | Crystal Pass Limestone Member of Sultan Limestone and Cove Fort Quart.
zite. undivided {Upper Devonlan)—Shown together In areas where
relatively thin or where geology Is complex. Crystal Pass Limestone
Member I8 medium- to dark-bluish-gray, medium-bedded, locally sand-
streaked limestone containing lenses and thin beds of medium-grained,
brown-weathering quanzite. Merges upward into overlying Monte Cristo
o1 Redwall Limestones. Mot present, or not recognized, in some parts
of quadrangle. Ranges in thickness from a lew meters to about 75 m
Guilmette Formation (Upper and Middle Devonlanj—Medium: 1o dark-gray
limestone and minor sandstone in upper 200 m; finely crystalline, dark-
gray, massive dolomite from 200 to 400 m below top; dense, medium-
dark-gray imestone fram 400 to 650 m bebow top; basal 200 m is dense,
dark-gray to grayish-black imestone locally containing massive beds of
coarsd-grained sedimentary breccla. Was entirely or abmost removed from
areas now part of Blue Mountain-Paheant thrust plate during erasion in-
terval that preceded deposition of latest Devonian or earliest Mississip-
pian strata
- Simonson Dolomite (Middle Devonlan) — Medium: to dark-brownish-gray.
medium to thick-bedded, medium- 1o coarse-gramed dolomite locally con.
taining a few beds of light-gray dolomite. Complete sections In Wah Wah.
Frisco thrust plate are 200- 250 m thick; partial sections in Blue Mountain-
=3 Fahvant thrust plate range from 25 1o 175 m in thickness
| Sevy Dolomite {Lower Devonian)—Medium- to light-gray, medium- 1o thick-
= bedded. dense to faintly laminated dolomite. Typically weathers chalk
white but on fresh fractures s Bght olive 1o pinkish gray. Ranges in thickness
from about 400-500 m in Wah Wah-Frisco thrust plate to 150-200 m
in section beneath it
Laketown Dolomite {Silurlan) —Light- to medium-gray, medium- 1o thick-
bedded, medium- to coarse-grained, sparsely cherty delomite, Thickness
ranges from 300 to 400 m
: Laketown and Ely Springs Dolomites, undivided {Silurian and Ordovi-
e clan)—Shown chiefly in areas where the two formations are not individual:
Iy distinctive
- Ely Springs Dolomite (Upper Ordovician) — Mostly black dolomite with some
maedium- 1o light-gray dolomite, medium to coarse grained. and medium
bedded to massive. Sparsely fossiliferous. Thickness ranges from 50 1o
150 m

Eureka Quartzite (Middle Ordoviclan)—White, buff, or pinkish-gray, fine
to very fine grained. medium-bedded orthoquartzie, Commonly is statned
black or purple by iron and manganese oxides. Thickness ranges from
2510 125 m
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Eureka Quaririte, Crystal Peak Dolomite, and Watson Ranch Quartzite,
undivided (Middle Ordovician) — These units are relatively thin and locally
are combined into a single map unkt. Eureha Quartrite at top s light
colored, massive, line-grained quartrite about 60 m thick: Crystal Peak
Dolomite s medium- to dark-blulsh-gray. medium to finely crysialline
dolomite containing quartzite interbeds and has 1otal thickness of about
20 m; Weatson Ranch Quartzite, about 50 m thick, Is also light-calored,
fine-grained quarzite, but i is less massive than Eureba and contains in-
terbeds of sltstone and sily imestone

- Lehman Formation and Kanosh Shale, undivided {Middle Ordovician)—

These are relatively thin formations at top of Pogonip Group. Lehman

Formation Is about 65 m thick and consists of bluish-gray, thin-bedded,

[ossiliferous silty limestone and some beds and byers of cross-lBaminated

quartzite; Kanosh Shale is about 50 m thick and ts dominantly olive-gray,

lissile shale containing lenses and beds of kmestone and, in upper part,
thin beds of yellowish-brown siltstone . Fossd graptolites and brachiopods

e locally common

- Djw  Juab and Wah Wah Limestones, undivided (Ordovician) — These units con-

—— stitule middle pan of Pogonip Group. Middle Ordovician Juab Limestone
at top is medium-gray, thin- to thick-bedded, sparsely lossiliferous sily

Emestone or imy sikstone about S50 m thick. Lower Ovdoviclan Wah Wah

Limestone is medium-gray, relatively thin-bedded. abundantly fossiliferous

sifty Bmestone about BO m thick

- Fillmore Formation and House Limestone, undivided (Lower Ordovi-

clan)—Thess units constitute lower part of Pogonip Group, Fillmore Foe-
mation at lop s medium-gray, thin-bedded silty mestone, much of which
is intralormalional conglomerate; some interbeds of yellowish-gray shale
in upper parl; aggregale thickness of 100-600 m. House Limestone &
medium-blulsh-gray, medium-bedded, sparsely cheriy. finely crystalline

R silty mestone about 150 m thick

ﬁ | Juab and Wah Wah Uimestones, Fillmore Formation, and House

" Limestone, undivided (Ordovician)— Combingd in areas of structural

e complexity or lmbied outcrop
- B€n | Notch Peak Formation (Lower Ordovician and Upper Cambrian) —Upper

ang-thisd or less of this formation is medium-blue-gray, thin- 1o medium:
bedded, shaly, silty kmestone, and coarse detrital imestone in approx-
imately equal amounts. Middle one-third or more is dark-brownish-gray,
medium to coarsely crystalling, thick-bedded to massive dolomite. Lower
one-third s predominantly medium-gray, thick-bedded to massive
kmesione or dolomite that i locally cherty near base. Total thickness about
500-600 m

Orr Formation {(Upper Cambrian)— Medium- to dark-gray, medium: bedded
maotthed and bloclastic imestone containing abundantly fossikerous shalke
and thin-bedded imestione in upper part. Thickness ranges from 325 1o
00 m

- Wah Wah Summit Formation of Hintze and Robison (1975) (Upper Cam-
brian) —Medium- to Bght-gray, medium-bedded granulas bmestone con-

taining dolomite zones in lower third and scanered chen nodules in up-
per half. White-weathering laminated bed 55 m thick marks top of for-
mation, Total thickness about 275 m
Orr and Wah Wah Summit Formations. undivided (Upper Cambrian) —
Combined In areas of structural complexity or limited outcrop
Trippe Limestone (Middle Cambrian)— Interlayered bight-gray, laminated
dolomite and dark-gray, motled dolomitie kmestone in bands 3- 15 m
thick, Total thickness about 165 m
Plerson Cove Formation {Middle Cambrian) — Dominamly dark-gray, mottled
dolomite kmestone contalning a few beds of light-gray laminated dolomite.
Somewhal thin bedded near base. About 400 m thick
Trippe Limestone and Plerson Cove Formation, undivided (Middle Cam-
brian)—Combined In some areas of structural complexity or Emited
DUtcrop
Limestone of Cricket Mountains of Hintze (1984) {Middle Cambrian) —In
' Cricket Mountains, strata equivalent to Fhuni'n Cove Formation, Eve of
Meedle Limestone, and Swasey Limesione cannot be distinguished with
confidence and have been combined into this unit congisting mostly of
dark-gray clayey and sty imestone commaonly motiked with imegular pai-
ches of brownish-gray limy dolomite. Light-gray. thin-bedded 1o laminated
limy and dolomitic boundstone occurs sparsely in upper two-thirds of for-
maticn In beds as much as 3 m thick. Entire kmestone of Cricket Moun:
tains Is nol present in any completely exposed or unlaulied section but
—— appears to be about &00 m thick
| Eye of Needle Limestone of Hintze and Robison [1975) and Swasey
— Limestone, undivided (Middle Cambrian)—Eye of Needle Limesione
at top ks light-gray, thick-bedded 1o massive, very fine grained limesione
Swasey Limestone is medium gray containing lighter and darker bands.
Total thickness of map unit Is about 225 m
Whirlwind Formation, Dome and Peasley Limestones, Chisholm Forma-
tion, and Howell Limestone, undivided (Middle Cambrian) — Whirhwind
Formation al top is olive-green shale containing thin interlayers of
limestone. Dome Limestone s medium gray, banded, massive, and finely
crystalkne, Feasley Limestone is dark gray, asgillaceous, and thin bed-
ded, containing sbundant pisolites; in some areas it & sbgent of not
recognized. Chisholm Shale s olive-green shale containing interbeds of
bioclastic limestone. Howell Limestone s medium- to kght-gray, thin-
bedded to massive imestons; locally contains abundant prsolies and oolites
in lower hall. Total thickness of map unil s sbout 300 m
Pioche Formation (Middle and Lower Cambrian)— Mostly dark-olive-green
to light-brownish-gray micaceous shale interbedded with dark-greenish.
gray to light-brown, thin- to thick-bedded, medium-grained quartzite with
abundant trace-fossil markings. Upper part containg much interbedded
bmestane, Thickness about 260 m in western part of guadrangle bui less
than half this thickness in castern part
Prospect Mountaln Quartrite (Lower Cambrian)—Bull to pinkish-gray,
medium-bedded, medium-grained, locally crossbedded, and locally con-
glomeratic quartzte, [n many areas contains a propylitteed basalt flow about
50 m thick approsximately 350 m sbove base. Total thickness is
1. 200-1.500 m In Wah Wah Mountains but probably only half this
thickness in central and eastern parts of quadrangle
Paleosoic strata, undivided—In areas of structural complexily, intense
hydrothermal alleration, or limied outerop, some unidenified sirata ane
shown as undivided Paleazolc rocks for cartographic convenlence
- Mutual and Inkom Formations, undivided (Late Proterozolc)— Mutual For-
mation af top i predominantly dark- purplish-red to pink or buff, coarse-
grained, medium-bedded, pebble-streaked, locally crossbedded quartzite.
Inkam Formation is mostly dark-purplish-red phylitic argillite containing
sparse thin bads of green and purple, medium-grained micaceous quartz.
ite and purple siitstone. Total thickness of map unit is about 435 m in
- Wah Wah Mountains and about 875 m in San Francisco Mountains
| Caddy Canyon Quarizite (Late Proterozoic)—Bull, light-pink, or white,
medium-bedded, fine- to medium-grained, locally pebble-streaked quarts-
ie. Thickness abeut 500 m in Wah Wah Mountains and about 85 m in
San Francisco Mountains
Papoose Creek Formatlon (Late Proterozoic) — Medium-gray 1o dark-brown,
medium-grained quortrite. Recognized only in Wah Wah Mountains,
where it is about 190 m thick
Blackrock Canyon Limestone (Late Proterozole)—In Wah Wah Mountains,
where it is sbout 225 m thick, unit consists of interbedded blue-gray, thin:
to thick-bedded. granular, sandstreaked limastona or dolomite and brawn,
fing- to coarse-grained sandstone. In San Francisco Mountains, whare
i is about 425 m thick, unit consists of gray-green calcarecus argillite,
locally calcareous siltstone, and fine-grained quartzite containing rather
sparse inferbeds of bght-gray, arenaceous crystalline kmestone; one pro-
minent bed of blue-gray Bmestone occurs near lop
Pocatello Formation (Late Proterozoie) — Incomplete sequence of allernating
buff. tan, ar white, coarse-grained, somewhat argillaceous quantzite, dark-
gray sandstone, purple, brown, or gray-green argillte, and minor gray,
sandy dolomite, Thickest exposures are in Wah Wah Mountains, where
formation exceeds 600 m

CRYSTALLINE BASEMENT ROCKS

- High-grade metamorphic rocks, undivided (Early Proterazoic) — Maostly con-
spicucusly layered biotite-hormblende-leldspar- quartz gnesss, schist, and
migmatine. Exposed only along west side of Mineral Mountains. Highly
variable in composition: shows well developed isocknal and plygmatic
folds. Also contain layers of dark-gray to green, fine-grained sillimanite-
biotite-quartz schist and white quartzite. Radiometric ages (Aleinikoll and
others, 1986) are abouw 1.72 Ga
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